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Abstract

Background: To investigate the efficacy and safety of FOLFIRI plus bevacizumab regimen with irinotecan (180 mg/m?)
in patients with advanced or recurrent colorectal cancer who were of the wild-type or heterozygous group for
UGTTAT*28 and *6 polymorphisms and discontinued to oxaliplatin-based regimen, prospectively.

Methods: The study population consisted of patients who had discontinued oxaliplatin-based regimen for any reason.
The primary endpoint was the response rate. FOLFIRI and bevacizumab regimen [irinotecan: 180 mg/m?, 5-fluorouracil
infusion: 2400 mg/m?, 5-fluorouracil bolus: 400 mg/m?, levofolinate calcium: 200 mg/m?, bevacizumab: 5 mg/kg] was
repeated every 2 weeks for up to 24 cycles.

Results: Ninety-four patients were enrolled; 93 patients were evaluated on safety, 94 patients on efficacy. The response
rate was 10.1% (95% confidence interval (Cl): 4.7-18.3%). The median time to treatment failure, progression-free survival,
and overall survival were 4.1 months (95% Cl: 2.8-4.8 months), 5.4 months (95% Cl: 4.1-6.2 months), and 14.5 months
(95% Cl: 11.8-17.0 months), respectively. The treatment-related death was 1.1%, and the early death <30 days after the
last study treatment was 1.1%. The incidence of grade 3 or higher adverse events was 60.2% for neutropenia, 23.7% for
leukopenia, 9.7% for diarrhea, 6.5% for anorexia, and 54% for fatigue. All these adverse events and other adverse events
were controllable.

Conclusions: FOLFIRI plus bevacizumab regimen with an initial irinotecan dose of 180 mg/m? exhibited an adequate
antitumor effect and was confirmed to be manageable and tolerable in Japanese patients with advanced or recurrent
colorectal cancer, who had discontinued oxaliplatin-based regimen.

Trial registration: UMINO00001817.

Background

In 2008, the number of newly diagnosed patients with
colorectal cancer exceeded 1,200,000 worldwide, result-
ing in estimated 608,700 deaths. Colorectal cancer is the
third most common cancer among males and the second
among females [1]. In Japan, 357,305 people died of can-
cer in 2011; of them, colorectal cancer accounted for
11.7% among males as the third most common cancer
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behind lung cancer and gastric cancer, and 14.5% among
females as the most common cause of cancer death [2].
Chemotherapy for advanced or recurrent colorectal can-
cer in Europe and the United States used to be centered
on 5-fluorouracil (5-FU) given either as a single agent or
in combination with other agents [3]. After the approval
of irinotecan and oxaliplatin, however, several clinical
trials were reported demonstrating the utility of first-line
treatment with FOLFIRI [irinotecan + 5-FU bolus + 5-FU
infusion + LV] regimen and FOLFOX [oxaliplatin + 5-FU
bolus + 5-FU infusion + LV] regimen [4-6].

© 2015 Suenaga et al, licensee BioMed Central. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited. The Creative Commons Public Domain

Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,

unless otherwise stated.


https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&recptno=R000002193&language=E
mailto:m.suenaga@jfcr.or.jp
http://creativecommons.org/licenses/by/2.0
http://creativecommons.org/publicdomain/zero/1.0/

Suenaga et al. BMC Cancer (2015) 15:176

In recent years, prolonged overall survival (OS) and
progression-free survival (PES) by the introduction of
molecular-targeted agents has been reported [7-9].
Moreover, various studies indicated the possibility that
continuation of bevacizumab after first progression (bev-
acizumab beyond progression; BBP) might contribute to
prolonged survival, leading to studies on combined use
of molecular-targeted agents [10-12].

However, there have been few reports on FOLFIRI
regimen or FOLFIRI plus bevacizumab regimen used in
previously-treated patients. Besides, no prospective study
using an irinotecan dose of 180 mg/m? the same dose
used in FOLFIRI regimen or FOLFIRI plus bevacizumab
regimen used in Europe and the United States [5,6], has
been reported in Japan.

On the other hand, many genetic researches on UDP
glucuronyl transferase (UGT) which is the major meta-
bolic enzyme of an active metabolite of irinotecan, a key
drug for chemotherapy of colorectal cancer, have been
reported in recent years. Irinotecan was associated with
serious adverse events (especially neutropenia) particu-
larly in patients with a variant UGTIAI*28, a poly-
morphism of UGT [13,14]. Satoh et al. reported that
irinotecan could be used more safely in patients of the
wild-type or heterozygous group for UGTI1A1*28 and *6
polymorphisms because the AUCj.,4, of SN-38 was
lower and thus the incidences of grade 3 or higher neu-
tropenia and leukopenia were lower in those patients
compared with the homozygous group [15].

Consequently, we conducted the first prospective mul-
ticenter phase II study in Japan to investigate the efficacy
and safety of FOLFIRI plus bevacizumab regimen with
the irinotecan dose set to 180 mg/m? in compliance with
Good Clinical Practice (GCP) guidelines in patients with
advanced or recurrent colorectal cancer who were of the
wild-type or heterozygous group for UGTIA1*28 and *6
polymorphisms and had discontinued oxaliplatin-based
regimen.

Methods

Patients who met the following major eligibility criteria
were enrolled: aged >20 years; Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS) of < 1; histo-
logically confirmed colorectal cancer; discontinuation for
refractory or intolerable to first-line oxaliplatin-based
regimen; not previously treated with irinotecan; both
UGT1A1*28 and *6 polymorphisms were wild-type (wild-
type group) or one of them was heterozygous (heterozy-
gous group); at least one measurable lesion; life expectancy
>3 months; adequate function of principal organs; and
written informed consent. This study was conducted ac-
cording to a protocol that complied with the Declaration
of Helsinki and GCP, and was approved by the Ins-
titutional Review Board of each institution as follows:

Page 2 of 8

institutional review board of Cancer Institute Hospital of
the Japanese Foundation for Cancer Research, institutional
review board of National Hospital Organization Shikoku
Cancer Center, institutional review board of Aichi Cancer
Center Hospital, institutional review board of Chiba
Cancer Center, institutional review board of Japanese Red
Cross Kitami Hospital, institutional review board of
National Kyushu Cancer Center, institutional review board
of Hyogo Cancer Center, and institutional review board
of Southern Tohoku General Hospital. The study was
also registered in the UMIN Clinical Trial Registry as
UMINO000001817 (https://upload.umin.ac.jp/cgi-open-bin/
ctr/ctr.cgi?function=brows&action=brows&type=summary&
recptno=R000002193&language=E).

In this study, FOLFIRI plus bevacizumab regimen
[irinotecan (Yakult Honsha Co., Ltd, Tokyo, Japan):
180 mg/m? 5-FU bolus: 400 mg/m? 5-FU infusion:
2400 mg/m?, levofolinate calcium: 200 mg/m?, bevacizu-
mab: 5 mg/kg] were administered biweekly. The study
treatment was defined as FOLFIRI plus bevacizumab
and sLV5FU2 with/without bevacizumab after discon-
tinuation of irinotecan, and the treatment was to be con-
tinued for up to 24 cycles unless it was discontinued at
the discretion of the physician due to progression of the
primary disease, onset of adverse events, patient refusal,
tumor resection, etc. Even in the patients who had the
doses of 5-FU reduced during the first-line treatment,
the study treatment was started at the doses of 5-FU de-
scribed above. In addition, the study treatment was de-
layed unless all of the following criteria were met on the
day of administration or the previous day: leukocyte
count > 3,000/mm?; platelet count > 100,000/mm?; aspar-
tate aminotransferase <100 IU/L; alanine aminotrans-
ferase <100 IU/L; total bilirubin <1.5 mg/dL; serum
creatinine < 1.50 mg/dL; protein urine, bleeding, stoma-
titis and fatigue grade 12; and no diarrhea.

The irinotecan dose was reduced to 150 mg/m?
125 mg/m* or 100 mg/m?* if grade 4 neutropenia or
grade 3 or higher thrombocytopenia or diarrhea oc-
curred. As for the doses of 5-FU, the infusion dose was
reduced to 2,000 mg/m* or 1,600 mg/m* and the bolus
dose to 200 mg/m? when grade 4 neutropenia or grade 3
or higher thrombocytopenia, diarrhea, stomatitis or
hand-foot syndrome occurred. No post chemotherapy
was specified in this study.

The dose intensity (DI) was calculated as the ratio of
the total dose (expressed in milligrams) per square meter
divided by total treatment duration. The relative DI
(RDI) was calculated as the ratio of the DI actually deliv-
ered to that of the DI proposed in the protocol.

The primary endpoint was response rate, and the sec-
ondary endpoints were time to treatment failure (TTF),
PES, OS, dose intensity, and incidence of adverse events.
Tumor response was evaluated according to the RECIST
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(ver. 1.0) by independent extramural review board. Ad-
verse events were evaluated according to the NCI-CTC
(ver. 3.0).

Duration of stable disease, TTF, PFS and OS were cal-
culated using the Kaplan-Meier method. Duration of
stable disease was defined as the period from the date of
the first dose to the date of the first imaging showing
progressive disease by the non-institutional review. TTF
was defined as the time from the date of the first dose to
the date of treatment discontinuation, or the date of pro-
gression, or the date of death from any cause, whichever
was earlier. Data on patients who had completed 24 cy-
cles of treatment or who discontinued treatment for
tumor resection were censored at the date of final obser-
vation. PFS was defined as the time from the date of the
first dose to the date of progression or the date of death
from any cause, whichever was earlier. Patients undergo-
ing resection of metastases were censored at the time of
surgery. OS was defined as the time from the date of the
first dose of the study treatment to the date of death
from any cause.

In the V308 study, the response rate of FOLFIRI regi-
men (CPT-11 180 mg/mz) in FOLFOX-received patients
who discontinued the treatment due to progression of
the primary disease or adverse event was reported to be
4%. Also, the E3200 study reported that the response
rate was 8.6% in the FOLFOX group and 22.7% in the
FOLFOX plus bevacizumab group. Based on these re-
sults, the expected response rate of FOLFIRI plus beva-
cizumab regimen was set to be 12% in this study [6,16].
At this rate, 84 patients would be required to make the
width of 95% confidence interval (CI) of the response
rate about 15%, and therefore 90 patients were set to
take into account those who would be excluded from
the analysis set.

The chi-square test for independence (Fisher’s exact
test when the expected value was <5) was performed to
compare the response rate in patients who received first-
line chemotherapy with/without bevacizumab. To com-
pare PFS and OS of the first-line treatment with/without
bevacizumab, point estimates of the hazard ratio (HR)
were made by Cox regression analysis (proportional haz-
ards model) and the log-rank test was performed. The
chi-square test for independence (Fisher’s exact test
when the expected value was <5) was employed to com-
pare the incidence of adverse events for UGTIAI
polymorphisms.

Results

Patient characteristics

Between May 2009 and November 2010, 94 patients
from 18 institutions were registered. Of these, 1 patient
was withdrawn before starting the study treatment, 1 pa-
tient was found to be not eligible after enrollment, 1
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patient became a candidate for surgery after 1 cycle of
treatment, and 2 patients were found to have no target
lesion by the independent extramural review board be-
fore enrollment in this study. Consequently, 93 patients,
excluding the patient who did not receive the study
treatment, were included in the safety analysis set, and
89 patients were included in the efficacy analysis set. De-
tails of patient characteristics are shown in Table 1.
There was no patient who treated with anti-EGFR agents
as a first-line chemotherapy.

Treatment

The median cycles of the study treatment was 8.0 (range:
1-24), and 7 patients (7.9%) were able to continue FOL-
FIRI plus bevacizumab throughout the 24 cycles. The
median RDI of each agent was 80.0% for irinotecan,
75.7% for 5-FU bolus, 80.0% for 5-FU infusion, and
80.0% for bevacizumab. Dose modification of each agent

Table 1 Patient characteristics at baseline (N =89)

Characteristic N %
Sex
Male 49 55.1
Female 40 449
Age
Median 62
Range 36-80
ECOG PS
0 66 74.2
1 23 258

Primary tumor
Colon 56 62.9
Rectum 33 37.1

Histological classification

Tubular adenocarcinoma (well-differentiated type) 27 303
Tubular adenocarcinoma (moderately-differentiated 50 56.2
type)

Poorly-differentiated adenocarcinoma 9 10.1
Mucinous adenocarcinoma 3 34

Number of metastatic sites

1 37 416

2< 52 584
UGT1AT*28/*6 polymorphism

Wild-type group 52 584

Heterozygous group 37 416
First-line treatment

Refractory (PD) / intolerable (adverse event) to 46/43  51.7/483

oxaliplatin-based treatment

With/without bevacizumab 69/20 77.5/225
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Table 2 Dose modification of Irinotecan and 5-fluorouracil (5-FU) (N = 89)

Dose Level Dose (mg/mz) N % Duration until modification (days)
Median Range

Irinotecan 0 180 52 584 -

-1 150 37 416 33.0 (14-448)

-2 125 12 135 76.5 (14-146)

-3 100 3 34 1120 (47-181)
5-FU (bolus/infusion)* 0 400/2,400 55 61.8 -

-1 400/2,000 34 382 475 (14-448)

-2 0/1,600 9 10.1 820 (33-301)

*No patient had the dose of only bolus or infusion of 5-FU reduced.

was as shown in Table 2. The major reasons for reducing
the irinotecan dose were neutropenia in 10 patients
(11.2%) and diarrhea in 6 patients (6.7%), and those for
5-FU were neutropenia in 12 patients (13.5%), diarrhea
in 2 patients (2.2%), and stomatitis in 2 patients (2.2%).
There were 26 patients (29.2%) who had the dose of
first-line 5-FU reduced. Of these, 17 patients (19.1%)
also had the 5-FU dose reduced in this study, and 9 pa-
tients (10.1%) didn’t. Four patients (4.5%) had the doses
of both irinotecan and 5-FU reduced simultaneously due
to diarrhea.

The reasons for discontinuing the study treatment in-
cluded progression of the primary disease in 48 patients
(51.6%), adverse events in 24 patients (25.8%), patient re-
fusal in 6 patients (6.5%), and discretion of the physician
in 9 patients (9.7%).

Efficacy
The results of the efficacy analysis are shown in Table 3.
The response rate was 10.1% (95% CI: 4.7-18.3%), and the
disease control rate was 65.2% (95% CI: 54.3-75.0%). There
was no patient whose best overall response was rated as
complete response. The duration of stable disease was
5.4 months (95% CI: 4.1-6.2 months). The median TTF was
4.1 months (95% CI: 2.8-4.8 months), whereas the median
PES was 5.4 months (95% CI: 4.1-6.2 months) (Figure 1A).
The median OS was 14.5 months (95% CI: 11.8-
17.0 months) (Figure 1B). No difference was noted in effi-
cacy between different groups of UGT1A1 polymorphisms.
The response rate, PFS, and OS in patients previously
treated with a regimen with bevacizumab were 7.2% (95%

Table 3 Analysis of efficacy (N =89)

Endpoint 95% ClI
Response rate 10.1% 4.7-18.3%
Disease control rate 65.2% 54.3-75.0%

TTF 4.1 months 2.8-4.8 months
PFS 54 months 4.1-6.2 months
oS 14.5 months 11.8-17.0 months

CI: 2.4-16.1%), 4.5 months (95% CI: 3.0-5.6 months), and
12.3 months (95% CI: 8.9-14.9 months), respectively, and
those in patients previously treated with a regimen with-
out bevacizumab were 20.0% (95% CIL: 5.7-43.7%, p =
0.1102), 8.8 months (95% CI: 6.0-13.2 months, HR 2.100,
p =0.0062) and 25.9 months (95% CI: 17.7-NA months,
HR 3.650, p <0.0001) (Figure 2). Additional multivariate
analysis including sex, age, ECOG PS, primary tumor site,
and pre-treatment with bevacizumab as covariates re-
sulted in HR for OS of 3.773 (p <0.001) and for PFS of
2.237 (p = 0.008).

The outcome was compared between patients who dis-
continued the first-line oxaliplatin-based treatment due to
progression of the primary disease and those who discon-
tinued it due to adverse events: the response rate, PFS,
and OS were 8.7% (95% CI: 2.4-20.8%), 3.8 months (95%
CI: 2.5-4.7 months) and 124 months (95% CI: 8.9-
15.1 months), respectively, in the former, while they were
11.6% (95% CL: 3.9-25.1%), 6.6 months (95% CI: 5.6-
9.4 months) and 17.0 months (95% CI: 12.7-23.3 months),
respectively, in the latter.

Toxicity

Table 4 lists the adverse events observed in this study.
There was 1 patient (1.1%) of treatment-related death
and 1 patient (1.1%) of early death; that is, within 30 days
from the last dose. Granulocyte colony-stimulating fac-
tor was used in 24 (25.8%) patients.

The major grade 3 or higher adverse events observed
in the wild-type group were neutropenia in 33 patients
(62.3%), leucopenia in 11 patients (20.8%), diarrhea in 5
patients (9.4%), anorexia in 4 patients (7.5%), and fatigue
in 4 patients (7.5%), while the major grade 3 or higher
adverse events in the heterozygous group were neutro-
penia in 23 patients (57.5%, p = 0.6421), leucopenia in 11
patients (27.5%, p=0.4486), diarrhea in 4 patients
(10.0%, p=0.3014), anorexia in 2 patients (5.0%, p =
0.6964), and fatigue in 1 patient (2.5%, p =0.3865). No
statistically significant difference was observed in any of
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Figure 1 Kaplan-Meier curves for the study end points. (A) Progression-free survival (PFS), (B) Overall survival (OS).
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these adverse events between the wild-type group and
the heterozygous group.

Post chemotherapy

Table 5 shows the post chemotherapy after completion of
this study. Of the 24 patients (25.8%) who discontinued
the study treatment due to adverse events, 10 patients
(10.8%) did not meet the criteria for administration for
15 days or longer after the second cycle, and 5 of them
(5.4%) continued FOLFIRI plus bevacizumab or FOLFIRI
after recovering from the adverse events. There were 16
patients (18.0%) who received oxaliplatin-based regimen
after the study was completed, including 8 patients (9.0%)
who were refractory to and 8 patients (9.0%) who were in-
tolerable to oxaliplatin-based regimen.

Discussion
The BEVACOLOR study on the efficacy and safety of
standard chemotherapies such as second-line FOLFIRI or

FOLFOX combined with bevacizumab for advanced or re-
current colorectal cancer, and the AVASIRI study on the
efficacy and safety of FOLFIRI plus bevacizumab with an
initial irinotecan dose of 150 mg/m” have been reported
[17,18]. In this study, we demonstrated the efficacy and
safety of FOLFIRI plus bevacizumab regimen with an ini-
tial irinotecan dose of 180 mg/m” in patients with ad-
vanced or recurrent colorectal cancer who discontinued
first-line oxaliplatin-based regimen and who were of the
wild-type or heterozygous group for UGT1A1 polymor-
phisms. The response rate, median PFS, and median OS
in this study were 10.1%, 5.4 months, and 14.5 months, re-
spectively. In the recently reported ML18147 study, the re-
sponse rate, median PFS, and median OS of the group
receiving second-line FOLFIRI plus bevacizumab were 5%,
5.7 months, and 11.2 months, respectively, and our results
compared favorably with those results [11].

When the patients received the first-line treatment,
bevacizumab was not yet approved in Japan. For this
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reason, 22.5% of the patients who received the study
treatment did not use bevacizumab during the first-line
treatment. We therefore conducted exploratory analyses
to investigate the efficacy of the first-line treatment
with/without bevacizumab, and there were statistically
significant differences in the median PFS and OS be-
tween the patients who received first-line bevacizumab
and those who did not (PFS; p =0.0062, OS; p <0.001).
There was no substantial difference in the patient char-
acteristics and contents of post chemotherapy between
the two groups. These results support the results re-
ported by Giantonio et al. in that second-line chemo-
therapy with bevacizumab is highly effective in patients
who do not receive first-line chemotherapy with bevaci-
zumab [16]. However, since the study population in-
cluded only 20 patients who were not treated with

bevacizumab as a first-line, further studies are required
to confirm the effective use of bevacizumab. In addition,
KRAS mutation status on the efficacy was not collected
in this study, although frequently reported in the world
these days [19-21]. It is because KRAS assay was not yet
approved in Japan (approved in April, 2010) when our
study was started in May 2009, so that patients enrolled
in this study did not necessarily examine KRAS
mutation.

The incidence of adverse events and the median RDIs
indicated that the study treatment was tolerated. No
new issue of concern was found when compared with
previously reported studies [16-18]. In this study, 4 pa-
tients (4.5%) had the doses of both irinotecan and 5-FU
reduced simultaneously due to diarrhea. In other pa-
tients, the agents were safely administered by reducing
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Table 4 Incidence of adverse events (N =93)

Adverse event >Grade 1 >Grade 3

N % N %
Neutropenia 89 95.7 56 60.2
Leukopenia 89 95.7 22 23.7
Thrombocytopenia 12 129 0 0
Anemia 44 473 7 75
AST 27 29.0 0 0
ALT 32 344 1 1.1
Anorexia 60 64.5 6 6.5
Diarrhea 59 634 9 9.7
Nausea 61 65.6 0 0
Stomatitis 62 66.7 3 32
Vomiting 36 38.7 0 0
Fatigue 66 710 5 54
Cholinergic syndrome 18 194 0 0
Febrile neutropenia 1 1.1 1 1.1
Sepsis 2 2.2 2 2.2
Interstitial pneumonia 1 1.1 0 0
Hypertension 10 10.8 1 1.1
Bleeding 7 75 0 0
Pulmonary artery thrombosis 1 1.1 1 1.1
Pulmonary embolism 1 1.1 0 0
Embolism venous 1 1.1 1 1.1
Gastrointestinal perforation 2 2.2 2 2.2

the dose of either irinotecan or 5-FU. Furthermore, none
of the patients in this study had irinotecan or 5-FU dose
reduced due to grade 3 or higher diarrhea and grade 3
or higher neutropenia occurring simultaneously or due to
severe fatigue. These results further confirmed that FOL-
FIRI plus bevacizumab with an initial irinotecan dose
of 180 mg/m> was a controllable regimen for Japanese
patients.

In this study, 10.8% of the treated patients did not re-
cover from adverse events within 15 days and thus
discontinued the study treatment. However, half of
them (5.4%) were able to continue on FOLFIRI plus

Table 5 Post chemotherapy treatment (N = 89) Table
legend text

Post chemotherapy N %

Irinotecan-based regimen 54 60.7
Oxaliplatin-based regimen 16 180
Chemotherapy with bevacizumab 37 416
Chemotherapy with cetuximab 32 36.0
Chemotherapy with panitumumab 21 236
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bevacizumab or FOLFIRI as post chemotherapy after re-
covering from the adverse events. In addition, 18.0% of
the treated patients received post chemotherapy with
oxaliplatin after completing the study, of which 9.0%
were those who were refractory to oxaliplatin-based
regimen and the remaining 9.0% were those who were
intolerable to the regimen. The median survival time
among these patients (28.9 months) was longer than the
patients who did not receive post chemotherapy with
oxaliplatin (12.6 months). Thus, it seems meaningful to
consider reintroduction of oxaliplatin in patients who
discontinued oxaliplatin-based regimen as a first-line
treatment due to severe peripheral neuropathy, provided
that it has improved. These results suggest that, even
during third-line or later chemotherapy, administration
of irinotecan or oxaliplatin, the key drugs for colorectal
cancer chemotherapy, would contribute to prolonged
survival. More than one clinical trial has been conducted
on the reintroduction of oxaliplatin, which reported fa-
vorable results [22,23].

This study also included an exploratory assessment of
the efficacy and safety of each polymorphism in patients
of the wild-type or heterozygous group for UGTIAI*28
and *6 polymorphisms. As a result, no significant differ-
ence in efficacy and safety was suggested between these
two groups. We consider it necessary in future to deter-
mine appropriate doses irinotecan and evaluate the effi-
cacy and safety in Japanese patients of the homozygous
group for UGT1A1%28 and *6 polymorphisms.

Conclusions

FOLFIRI plus bevacizumab regimen with an initial irino-
tecan dose of 180 mg/m” exhibited an adequate antitu-
mor effect and was confirmed to be manageable and
tolerable in Japanese patients with advanced or recurrent
colorectal cancer who had discontinued oxaliplatin-
based regimen.

Abbreviations

5-FU: 5-fluorouracil; BBP: Bevacizumab beyond progression; CI: Confidence
interval; DI: Dose intensity; ECOG PS: Eastern cooperative oncology group
performance status; GCP: Good clinical practice; HR: Hazard ratio; N: Number of
patients; OS: Overall survival; PFS: Progression-free survival; RDI: Relative dose
intensity; TTF: Time to treatment failure; UGT: UDP glucuronyl transferase.

Competing interests
This study was funded by Yakult Honsha Co,, Ltd., Tokyo, Japan.

Authors’ contributions

YS and KM contributed to study concept and design. MS, TN, NM, HY, TU,
TD, JI, TE, NH, YR participated in patient recruitment and were involved in
data acquisition. MS, YS and KM participated in data analysis and
interpretation. MS and KM prepared the manuscript. All authors read and
approved the final manuscript.

Acknowledgements

We thank participating patients, their family members, and researchers. We

are grateful to Drs. K. Tamura, I. Hyodo, Y. Miyata, K. Yoshikawa, K. Miyakawa,
K. Yamazaki, and H. Minami for advice regarding interpretation of the study



Suenaga et al. BMC Cancer (2015) 15:176

results and to Drs. N. Ishizuka and T. Yamanaka for support with the
statistical analysis. This study was supported by Yakult Honsha Co., Ltd,,
Tokyo, Japan.

Author details

'Cancer Institute Hospital of the Japanese Foundation for Cancer Research,
3-8-31, Ariake, Koto-ku, Tokyo 135-8550, Japan. “National Hospital
Organization Shikoku Cancer Center, Kou 160 Minamiumemotomachi,
Matsuyama, Ehime 791-0280, Japan. *National Hospital Organization Kyoto
Medical Center, 1-1, Mukaihata-cho, Fukakusa, Fushimi-ku, Kyoto-shi, Kyoto
612-8555, Japan. *Aichi Cancer Center Hospital, 1-1, Kanokoden, Chikusa-ku,
Nagoya 464-8681, Japan. °Chiba Cancer Center, 666-2, Nitona-cho, Chuo-ku,
Chiba 260-0801, Japan. ®Japanese Red Cross Kitami Hospital, North-6, East-2,
Kitami, Hokkaido 090-0026, Japan. National Kyushu Cancer Center, 3-1-1,
Notame, Minami-ku, Fukuoka 811-1395, Japan. ®Hyogo Cancer Center, 13-70,
Kitaouji-chou, Akashi, Hyogo 672-8558, Japan. “Southern Tohoku General
Hospital, 7-115, Yatsuyamada, Koriyama, Fukushima 963-8563, Japan. '®Teikyo
University School of Medicine University Hospital, Mizonokuchi, 3-8-3,
Mizonokuchi, Takatsu-ku, Kawasaki, Kanagawa 213-8507, Japan.

Received: 27 December 2013 Accepted: 6 March 2015
Published online: 25 March 2015

References

1. Jemal A, Bray F, Melissa M. Global cancer statistics. CA Cancer J Clin.
2011;61:69-90.

2. Foundation for Promotion of Cancer Research. Cancer Statistics in Japan
(2012). [http://ganjoho.jp/data/professional/statistics/backnumber/2012/
cancer_statistics_2012.pdf] (15 January 2013, date last accessed).

3. Kohne CH, Schoffski P, Wilke H, Kaufer C, Andreesen R, Ohl U, et al. Effective
biomodulation by leucovorin of high-dose infusion fluorouracil given as a
weekly 24-hour infusion: results of a randomized trial in patients with
advanced colorectal cancer. J Clin Oncol. 1998;16:418-26.

4. De Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J, et al.
Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment
in advanced colorectal cancer. J Clin Oncol. 2000;18:2938-47.

5. Goldberg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK, Williamson
SK, et al. A randomized controlled trial of fluorouracil plus leucovorin,
irinotecan, and oxaliplatin combinations in patients with previously
untreated metastatic colorectal cancer. J Clin Oncol. 2004;22:23-30.

6. Tournigand C, André T, Achille E, Lledo G, Flesh M, Mery-Mignard D, et al.
FOLFIRI followed by FOLFOX6 or the reverse sequence in advanced colorectal
cancer. a randomized GERCOR Study. J Clin Oncol. 2004;22:229-37.

7. Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H, Santoro A, et al.
Cetuximab monotherapy and cetuximab plus irinotecan in irinotecan-
refractory metastatic colorectal cancer. N Engl J Med. 2004;351:337-45.

8. Van Cutsem E, Peeters M, Siena S, Humblet Y, Hendlisz A, Neyns B, et al.
Open-label phase Ill trial of panitumumab plus best supportive care
compared with best supportive care alone in patients with chemotherapy-
refractory metastatic colorectal cancer. J Clin Oncol. 2007;25:1658-64.

9. Kopetz S, Chang GJ, Overman MJ, Eng C, Sargent DJ, Larson DW, et al.
Improved survival in metastatic colorectal cancer is associated with
adoption of hepatic resection and improved chemotherapy. J Clin Oncol.
2009;27:3677-83.

10.  Grothey A, Sugrue MM, Purdie DM, Dong W, Sargent D, Hedrick E, et al.
Bevacizumab beyond first progression is associated with prolonged overall
survival in metastatic colorectal cancer: results from a large observational
cohort study (BRITE). J Clin Oncol. 2008;26:5326-34.

11. Bennouna J, Sastre J, Arnold D, Osterlund P, Greil R, Van Cutsem E, et al.
Continuation of bevacizumab after first progression in metastatic colorectal
cancer (ML18147): a randomised phase 3 trial. Lancet Oncol. 2013;14:29-37.

12. Cohn AL, Bekaii-Saab T, Bendell JC, Hurwitz H, Kozloff M, Roach N, et al.
Clinical outcomes in bevacizumab (BV)-treated patients (pts) with metastatic
colorectal cancer (mCRQ): results from ARIES observational cohort study
(OCS) and confirmation of BRITE data on BV beyond progression (BBP)
[abstract]. J Clin Oncol. 2010;28:3596.

13. Innocenti F, Undevia SD, lyer L, Chen PX, Das S, Kocherginsky M, et al.
Genetic variants in the UDP-glucuronosyltransferase 1A1 gene predict the
risk of severe neutropenia of irinotecan. J Clin Oncol. 2004;22:1382-8.

14.  Toffoli G, Cecchin E, Corona G, Russo A, Buonadonna A, D'Andrea M, et al.
The role of UGTTA1*28 polymorphisms in the pharmacodynamics and

20.

22.

23.

Page 8 of 8

pharmacokinetics of irinotecan in patients with metastatic colorectal cancer.
J Clin Oncol. 2006;24:3061-8.

Satoh T, Ura T, Yamada Y, Yamazaki K, Tsujinaka T, Munakata M, et al.
Genotype-directed, dose-finding study of irinotecan in cancer patients with
UGT1TA1*28 and/or UGT1A1*6 polymorphisms. Cancer Sci. 2011;102:1868-73.
Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP, Alberts Il SR,
et al. Bevacizumab in combination with oxaliplatin, fluorouracil, and
leucovorin (FOLFOX4) for previously treated metastatic colorectal cancer:
results from the Eastern Cooperative Oncology Group Study E3200. J Clin
Oncol. 2007;25:1539-44.

Bennouna J, Borg C, Delord JP, Husseini F, Trillet-Lenoir V, Faroux R, et al.
Bevacizumab combined with chemotherapy in the second-line treatment of
metastatic colorectal cancer: results from the phase Il BEVACOLOR study.
Clin Colorectal Cancer. 2012;11:38-44.

Horita Y, Yamada Y, Kato K, Hirashima Y, Akiyoshi K, Nagashima K; et al.
Phase Il clinical trial of second-line FOLFIRI plus bevacizumab for patients
with metastatic colorectal cancer: AVASIRI trial. Int J Clin Oncol.
2012;17:604-9.

Suenaga M, Matsusaka S, Ueno M, Yamamoto N, Shinozaki E, Mizunuma N,
et al. Predictors of the efficacy of FOLFIRI plus bevacizumab as second-line
treatment in metastatic colorectal cancer patients. Surg Today.
2011;41:1067-74.

Kubicka S, Greil R, André T, Bennouna J, Sastre J, Van Cutsem E, et al.
Bevacizumab plus chemotherapy continued beyond first progression in
patients with metastatic colorectal cancer previously treated with
bevacizumab plus chemotherapy: ML18147 study KRAS subgroup findings.
Ann Oncol. 2013;24:2342-9.

Bokemeyer C, Van Cutsem E, Rougier P, Ciardiello F, Heeger S, Schlichting
M, et al. Addition of cetuximab to chemotherapy as first-line treatment for
KRAS wild-type metastatic colorectal cancer: pooled analysis of the CRYSTAL
and OPUS randomised clinical trials. Eur J Cancer. 2012;48:1466-75.

Ishibashi K, Matsuda C, Tamagawa H, Munemoto Y, Tanaka C, Fukunaga M,
et al. Randomized phase Il study of oxaliplatin reintroduction and biweekly
XELOX in previously treated patients with metastatic colorectal cancer
(mCRQ): ORION study [abstract]. Ann Oncol. 2013;49 Suppl 2:5559.

Suenaga M, Mizunuma N, Matsusaka S, Shinozaki E, Ozaka M, Ogura M, et al.
A phase Il study of oxaliplatin reintroduction in patients pretreated with
oxaliplatin and irinotecan for advanced colorectal cancer (RE-OPEN studly):
Reports of interim analysis [abstract]. J Clin Oncol. 2012;30:214.

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolVied Central



http://ganjoho.jp/data/professional/statistics/backnumber/2012/cancer_statistics_2012.pdf
http://ganjoho.jp/data/professional/statistics/backnumber/2012/cancer_statistics_2012.pdf

	Abstract
	Background
	Methods
	Results
	Conclusions
	Trial registration

	Background
	Methods
	Results
	Patient characteristics
	Treatment
	Efficacy
	Toxicity
	Post chemotherapy

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

